Abstract. Semiconductor to metal and semiconductor to insulator phase transitions in the α'''-and α'-(ET) 2 Br 1.3 I 1.1 Cl 0.6 single crystals were investigated by Raman spectroscopy. A charge ordered nature of the insulating state of the α'-phase was confirmed. For the metallic β''-phase (α''' above 185 K) the Raman spectrum shows more bands than expected from the number of the C=C stretching a g modes.
INTRODUCTION
Polymorphic crystals of the (ET) 2 Br 1.3 I 1.1 Cl 0.6 salt [ET stands for bis(ethylenedithiolo)tetrathiafulvalene] exhibit interesting phase transitions [1] . The α''' AE β'' phase transformation at 185 K is an unique example of the semiconductor to metal first order reversible transition and the α'-phase exhibits semiconductor to insulator transition below c.a. 240 K.
Vibrational spectroscopy is useful to study phase transitions, in particular those involving charge disproportionation, since the frequencies of some normal modes are charge sensitive. Characteristic band split is observed when charge disproportionation takes place [2] [3] [4] . For the ET molecule there are two a g and one b 1u modes based on the C=C bonds stretching, labelled ν 2 , ν 3 , and ν 27 , respectively. In metallic compounds electrons are delocalised and single Raman band is observed for one a g mode. Similarly one band is expected for insulators when electrons are equivalently localized. However presence of more than one independent donor molecules in the unit cell may significantly complicate the vibrational spectrum [2] [3] [4] [5] [6] . The origin of a single, but broad Raman band for some structures exhibiting semiconducting-and metallike conductivity (like α'-and θ-phases) is recently under discussion.
RESULTS AND DISCUSSION
Single crystals of α'-and α'''-(ET) 2 Br 1.3 I 1.1 Cl 0.6 where prepared as previously described [1] . Raman spectra were measured using T640000 Jobin-Yvon Micro-Raman spectrometer with triple monochromator and LN 2 cooled CCD detector. A home-made helium contact cryostat was used for the measurements down to 80 K. The 514 nm LEXEL 95 argon laser beam was kept at less than 100 µW power entering cryostat. Fig. 1. In Figs 1(a) and 1(b) a change of the spectra resulting form the α'''AE β'' phase transition is clearly seen at 180 K: broad a 1,2 bands are transformed into well resolved spectra. We assign the b 1 band to the ν 2 and one of the b 2 and b 3 bands to the ν 3 a g mode. Unit cell of the β''-phase accommodates two ET molecules related by inversion centre. In such a case D g )=A g +A u and only one Raman band should be observed for one a g mode. Presence of symmetric dimers may activate one additional Raman band, since ν 27 FDQ VSOLW E 1u )=B g +A u [5] . This can be the one of the b 2 Table 1 . Frequencies of the Raman bands observed at 270 and 80 K in the spectra shown on Fig. 1 .
The Raman spectra of the α'-and α'''-phases of the (ET) 2 Br 1.3 I 1.1 Cl 0.6 salt show different behaviour on lowering temperature in accordance with the different nature of their phase transitions. For the α'-phase the c 1,2 bands become broader and eventually split below c.a. 240 K, while for the α'''-phase the a 1,2 bands remain relatively narrow down to the phase transition temperature (Figs 1a, c) . Similarity of the spectra suggests that the a 1,2 bands have the same attribution as the c 1,2 bands. From the polarization dependence we attribute the a 1 -c 1 bands to the ν 2 and the a 2 -c 2 to the ν 3 modes. The ν 3 modes is mainly due to central C=C stretching and is enhanced when Raman spectra are acquired with laser polarization parallel to the ET long axis (c,a+b+c), i.e. perpendicular to the conducting planes. The band broadening can be attributed to some fluctuations in charge distribution for nearly localized charge [6] . However an origin of the low frequency shift of the a 1 -c 1 and a 2 -c 2 bands in comparison to b 1 and b 2 or b 3 remains unclear.
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Raman spectroscopy is an effective technique in study of phase transitions in the polymorphic forms of the ET salts. We have confirmed charge ordered nature of insulating state of α'-(ET) 2 Br 1.3 I 1.1 Cl 0.6 . Raman spectra show clear change at the α''' AE β'' phase transformation. Final assignment and understanding of these spectra requires further study.
